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Abstract
Assuming that axial-vector and scalar diquarks exist in the Quark-Gluon Plasma near the
critical temporature Tc, baryons can be produced from quark-diquark interactions. In RHIC
conditions (
√
sNN = 130GeV and 200GeV ), the ratio Ω
+
/Ω− may be larger than 1, based
on the concept that QGP with diquarks would exist. This unusual result might be a helpful
evidence for QGP existing in RHIC.
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1. Introduction
Diquarks[1] may exist as bound states[2][3] in the Quark-Gluon Plasma (QGP) as well as quarks
and gluons. If axial-vector and scalar diquarks exist near the critical temperature Tc and approxi-
mate thermal equilibrium could form, baryon production can be described as the process of quark
and diquark forming (12 )
+ and (32 )
+ baryon states[4]. Ratios of different baryons can be estimated
through this method. Since strange baryon production is widely discussed[5][6][7][8][9][10] and has
a upper limit in the Hadronic Gas Model[9], the ratio beyond that limit can support the idea of
QGP productions in the relativistic heavy ion collisions.
QGP with diquarks has a much higher energy density than general Quark-Gluon Plasma[11].
Another interesting phenomena there is about the ratio of Ω
+
/Ω−. In the conditions of hadronic
matter, the ratio will smaller than 1[12]. General QGP model will also predict the ratio Ω
+
/Ω− = 1
[5][7] or near it.
While, since there are diquarks together with quarks in the QGP, strange particles are not
only s and s¯, but also V (ss), V (ss), V (us), V (us), V (ds), V (ds), S(us), S(us), S(ds) and S(ds).
So strangeness conservation will not simply requires N(s) = N(s¯). When µB > 0, (us) and
(ds) diquarks’ amounts will be larger than those of (u¯s¯) and (d¯s¯) diquarks, but s quark’s and
(ss) diquark’s amounts will be smaller than those of s¯ quark and (s¯s¯) diquark. That means the
amount of Ω−(sss) would be a little smaller than Ω
+
(s¯s¯s¯). This is a general subsequence based
on diquark’s appearance. Some models from strings[13] also predict Ω
+
/Ω− > 1 in p-p collisions,
when diquarks are imported.
When concerning that the baryon chemical potential and strangeness chemical potential may
have changed during the process of freeze-out, the result will be very complicated. And as a sim-
plification, such influence has been neglected in the calculations. In addition, hadron interactions
after phase transition may lower the ratios of Ω
+
/Ω−, and can not be easily estimated so far.
2. Diquark Model and Baryon Production in QGP
In the SU(6) quark-diquark model, baryon wave functions can be described as combinations of
quarks and diquarks[1][14][15][16], and some baryons can be rewritten as[4]
| Λ〉 = 1√
3
[B 1
2
(Sud, s) +
√
3
4
B 1
2
(Vus, d)−
√
3
4
B 1
2
(Vds, u) +
√
1
4
B 1
2
(Sus, d)−
√
1
4
B 1
2
(Sds, u)],
| Σ0〉 = 1√
3
[B 1
2
(Vud, s)−
√
1
4
B 1
2
(Vus, d)−
√
1
4
B 1
2
(Vds, u) +
√
3
4
B 1
2
(Sus, d) +
√
3
4
B 1
2
(Sds, u)],
| Ω−〉 = B 3
2
(Vss, s),
where B represent a baryon state.
So the productions can be described as
dΛ
dt
=
1
3
· [ 3
4
Γ(Vus, d,Λ) +
3
4
Γ(Vds, u,Λ) +
1
4
Γ(Sus, d,Λ) +
1
4
Γ(Sds, u,Λ) + Γ(Sud, s,Λ)],
dΣ0
dt
=
1
3
· [Γ(Vud, s,Σ0) + 1
4
Γ(Vus, d,Σ
0) +
1
4
Γ(Vds, u,Σ
0) +
3
4
Γ(Sus, d,Σ
0) +
3
4
Γ(Sds, u,Σ
0)],
dΩ−
dt
= Γ(Vss, s,Ω
−), (1)
p, n, Ξ0, Ξ− and other baryons can be calculated through similar methods.
As a simplification, baryon production can be described as a combination of different processes
of quarks and diquarks forming (12 )
+ or (32 )
+ baryon states, as
dB
dt
=
∑
C2cg(Dq1q2 , q3, B)Γ(Dq1q2 , q3, B), (2)
where C2cg(Dq1q2 , q3, B) is the Clebsch-Gordan coefficient to represent the state of quark-diquark
coupling shown in equations (1), and one could get the result[4][17] after the integration of the
producing cross-sections of the baryon states above under the conditions of quarks and diquarks
are assumed to be under ideal Fermi and Bose distributions.
dB
dt
=
∑
C2cg(Dq1q2 , q3, B)
3ωDωq|M |2
32pi2
T 2FFB(q3, Dq1q2 , B, T ), (3)
where ωD and ωq are the spin and color degeneracy of quarks and diquarks, while
T 2FFB(q,D,B, T ) =
∫ ∫
dEqdED
(e
Eq−µq
T + 1)(e
ED−µD
T − 1)
,
The integrating ranges are
mq ≤ Eq ≤ ∞,mD ≤ ED ≤ ∞
and
EqED ≥ 1
4m2B
{4(Eq + ED)(m2qED +m2DEq) + [m2B − (mq +mD)2][m2B − (mq −mD)2]}
For (12 )
+ baryons from axial-vector diquarks, one has the effective lagrangian (with some cor-
rections of the expressions in[4], which make few differences on the final results.)
LintV1/2 = igB¯γµγ5qVµ, (4)
Then,
|M |2V1/2 =
g2
3
[
(m2B −m2q)2
m2V
+m2B +m
2
q − 2m2V + 6mBmq], (5)
For (12 )
+ baryons from scalar diquarks,
LintS1/2 = igB¯qS, (6)
|M |2S1/2 = g2[(mB +mq)2 −m2S ], (7)
For (32 )
+ baryons, the |M |2 are rather complicated and only ratios of anti-baryon/baryon are
calculated, as the same matrices.
The diquark mass is preliminarily assumed as mD(q1q2) = md0+mq1 +mq2 and the difference
of axial-vector diquark mass and scalar diquark mass is neglected as a simple assumption. md0
here is about 400-800 MeV and should not be smaller than the masses of constituent quarks.
Additionally, it is assumed that g is same in these reactions.
3. Analysis
In the calculations, we set current quark mass,
mu = 3MeV,md = 6MeV,ms = 122.5MeV,
as the mean masses. Different quark masses may cause systematic errors about 5% ∼ 10%. The
critical temperature is estimated at Tc(µ=0) = 166.1MeV from a recent calculation based on [9]
and [18]. The critical temperatures estimated from different methods (such as [19][20],) are similar
and may cause systematic errors about 1% ∼ 5%.
Ω
+
/Ω− ratios calculated in different conditions are shown in Figure 1. It is clearly that the
ratio is always greater than 1 when md0 and µB varies, even if ideal Fermi or Bose distributions are
not formed. (*P.S. RHIC data[21] of Ω
+
/Ω− at 130 GeV is before corrections such as annihilation
of the daughter anti-protons with physical material in the detectors. After that correction the ratio
may larger than 1, see in [22] Fig 6.)
Anti-baryon/baryon ratios are listed in Table 1, µB ≈ 47 MeV and µB ≈ 30 MeV are used to
meet data from RHIC Au-Au at
√
sNN = 130GeV and 200GeV [21][22][23][24][25][26][27][28][29][30][31][32],
as md0 is estimated at 600 MeV . Many of the calculations work well except Ξ productions, which
also promote the inclusive Λ productions. Some strange baryon over proton ratios are listed in
Table 2 and 3, compared with the upper limits from the Hadronic Gas Model. Some theoretical
values are larger than the PHENIX preliminary results[31](, for which HG model works well). This
may be caused by the condition that ideal QGP fluid is not completely formed at the temperature
of Tc.
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Figure 1: Ratios of Ω
+
/Ω− from QGP with diquarks (lines larger than 1.0), general QGP(line
at 1.0) and the upper limits of Hadronic Gas Model (lines smaller than 1.0) at different conditions,
compared with preliminary results from RHIC[21]. Systematic errors ∼ 5%.
√
sNN = 130 GeV µB = 47 MeV
√
sNN = 200 GeV µB = 30 MeV
Ratios Exp. QGPd Exp. QGPd
p¯/p - 0.579 - 0.706
p¯/p (p, Σ+) 0.61± 0.03± 0.06 [25] 0.616 0.73± 0.02± 0.03 [26] 0.734
0.70± 0.04± 0.10 [27]
0.731± 0.011± 0.062 [28]
p¯/p(inclusive) 0.72± 0.05 [22] 0.698 0.78± 0.05 [22] 0.795
0.65± 0.01± 0.07 [29] 0.747± 0.007± 0.046 [28]
Λ+Σ
0
Λ+Σ0 0.73± 0.03 [25] 0.726 - 0.815
Λ
Λ (inclusive) 0.74± 0.04± 0.03 [30] 0.798 ≈> 0.8 [32] 0.866
0.75± 0.09± 0.17 [31]
Ξ
0
+Ξ
+
Ξ0+Ξ− 0.82± 0.08 [25] 0.921 - 0.949
Ω
+
/Ω− 0.95± 0.15± 0.05∗ [21] 1.166 1.026± 0.075± 0.12 [21] 1.103
Table 1: Anti-baryon/baryon ratios at md0 = 600 MeV . Where p (p, Σ+) includes the decay
contributions of Σ+, p (inclusive) includes the decay contributions of Σ
+ and Λ baryons, Λ (inclusive)
includes the decay contributions of Ξ0 and Ξ−, contributions of Ω are neglected. Systematic errors
∼ 5%.
Ratios Exp. QGPd HG limit
Λ+Σ0
p
- 1.205 0.695
Λ+Σ
0
p¯
- 1.510 0.785
Λ(inclusive)
p(p,Σ+) 0.89± 0.07± 0.21 [31] 1.282 0.858
Λ(inclusive)
p¯(p¯,Σ
−
)
0.95± 0.09± 0.22 [31] 1.659 0.989
Σ0
Λ - 1.307 0.692
Σ
0
Λ
- 1.291 0.692
Table 2 Relative yields of baryons at
√
sNN = 130GeV and µB = 47MeV from QGP with
diquarks compared with Ideal Hadronic Gas limit at T = 170 MeV . Systematic errors ∼ 15%.
Ratios Exp. QGPd HG limit
Λ+Σ0
p
- 1.256 0.710
Λ+Σ
0
p¯
- 1.451 0.767
Λ(inclusive)
p(p,Σ+) - 1.347 0.880
Λ(inclusive)
p¯(p¯,Σ
−
)
- 1.588 0.964
Σ0
Λ - 1.305 0.692
Σ
0
Λ
- 1.294 0.692
Table 3 Relative yields of baryons at
√
sNN = 200GeV and µB = 30MeV from QGP with
diquarks compared with Ideal Hadronic Gas limit at T = 170 MeV . Systematic errors ∼ 15%.
4. Discussion
Baryon production ratios could be researched in the model of Quark-Gluon Plasma with di-
quarks and strange baryon over proton ratios from these calculations are larger than those of
Hadronic Gas[4]. Another result is that Σ0 production is larger than Λ, which in Hadronic Gas
Model is smaller. But it is hard to be observed, due to the short decay length. Ω
+
/Ω− > 1 is
the most unusual results, which has been slightly supported by Ω−/h− and Ω
+
/h− measured in
RHIC[21], although the statistical and systematic errors are too large to confirm it.
It is reported that local thermal equilibrium has been formed in RHIC with high energy density
based on recent hydrodynamic analysis[33]. As well as other evidence such as jet quenching[34],
QGP existing in RHIC is nearly proved. Ω
+
/Ω− > 1 will be another strong evidence if future
results with smaller errors could confirm it.
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